Objective: To examine the association between wheezing in children and adolescents and living downwind of the dispersion plume of atmospheric pollutants emitted by the Guamaré Petrochemical Complex, in the state of Rio Grande do Norte, Brazil.
Introduction
The main atmospheric pollutants emitted by oil refineries are sulfur and nitrogen oxides (SOx and NOx), carbon monoxide (CO), particulate matter (PM), and hydrocarbons. 1 These pollutants have been associated with several detrimental health effects -particularly on the respiratory system -in vulnerable populations, such as children [2] [3] [4] [5] and persons with asthma. 6 Studies have reported associations between living in the vicinity of highways and industrial plants and adverse respiratory outcomes in children, including wheezing and asthma exacerbations. [7] [8] [9] Smargiassi et al. 8 reported that episodic increases in sulfur dioxide (SO 2 ) emissions from a Canadian refinery were associated with increased frequency of asthma attacks in children living nearby. Wichmann et Wheezing in children and adolescents living next to a petrochemical plant in Rio Grande do Norte, Brazil al. 9 reported that children living next to a petrochemical plant in Argentina had a higher prevalence of asthma, respiratory symptoms and reduced lung function than did children living elsewhere.
Early identification of recurring wheezing is important, as reduced lung function and severe disease may persist into adulthood. [10] [11] [12] In children under the age of 5, the diagnosis of asthma is quite complex, and the diagnostic approach is based on wheezing symptoms. 13 The presence of wheezing and associated risk factors over a 12-month period has been used as a measure of asthma prevalence in epidemiological studies. 14, 15 Exposure to air pollutants has been discussed as an associated environmental factor. 6, 15, 16 Little is known of the health impacts of living near The study sought to verificar the association between reported wheezing in children and adolescents and living downwind or upwind of the dispersion plume of pollutants emitted by the Guamaré complex.
Methods

Study design
Cross-sectional study of reported wheezing in children and adolescents living in the vicinity of the Guamaré Petrochemical Complex, in Rio Grande do Norte, Brazil, as of 2006.
Study population and area
The study included all children and adolescents (aged The chosen radius of influence was based on prior similar studies. 1, 17 The study area comprised the five communities that surround the petrochemical complex, which produces natural gas (for domestic and industrial uses), diesel fuel, aviation fuel, naphtha, and gasoline. µg/m 3 , respectively.
The sample included 209 children and adolescents, 56% of whom were male; 15.6% were 0 to 1 years old, 33.5% were 2 to 6 years old, 17.2% were 7 to 9 years old, and 34.0% were between the ages of 10 and 14. Table 2 shows the frequency of positive responses to the ISAAC Age, in turn, was fount do be significantly associated with wheezing (p < 0.000) after adjusting for community and gender. Preschoolers (children under 6 years of age)
were five times more likely to have experienced wheezing in the last 12 months than older children and adolescents (OR adj 5.00; 95%CI 2.41-10.39) ( Table 4 ).
Discussion
Analysis of the dispersion plume of atmospheric pollutants emitted by the Guamaré Petrochemical Complex led to the identification of a set of communities which we considered "exposed" to air pollution. Although the environmental levels of monitored pollutants were consistently within acceptable limits for the duration of the study, respiratory symptoms were more frequent in children and adolescents living in exposed communities. In addition to place of residence, male gender and age under 7 years were also risk factors for wheezing among inhabitants of the Guamaré Petrochemical
Complex area.
Fluctuations in mean levels were within established acceptable limits, rarely peaking but never exceeding acceptable thresholds. As health effect measurements were collected at a single point in time, we were unable to assess whether these minor peaks in pollutant levels were in any way associated with adverse health effects.
The use of alternative energy sources was not associated with wheezing in the present study; conversely, Prietsch The prevalence of wheezing was higher among boys. This is consistent with previously published findings, and is likely due to gender differences in airway physiology and higher thresholds of methacholine airway response. 12 The results of our atmospheric pollution measurements revealed low exposure, as reported by Kalabokas et al., 1 who found that BTX levels in the vicinity of an oil refinery were lower than those detected in major Greek urban areas.
Fluctuations in toluene levels were worthy of note, but levels were still lower than those found in urban areas. 1, 25 Nonetheless, when in the atmosphere, pollutants occur as complex blends; therefore, the possibility of additive, synergistic, or antagonistic effects cannot be ruled out. 4, 9 The location of communities relative to industrial complexes and wind direction has been used as an exposure parameter. 17 The pollutant dispersion plume and the location of communities we considered "exposed" may account for the higher prevalences of wheezing in the 12 months prior to study, lifetime history of wheezing, and dry cough at night found in these communities. These results are consistent with prior studies, which have shown respiratory effects in children even when atmospheric pollution is within acceptable limits. 5, 26 Established exposure limits for atmospheric pollutants have been undergoing discussion, particularly as they apply to the protection of vulnerable groups, which led WHO to set more stringent limits for human exposure in 2005. 2 The prevalence rates of wheezing determined in our sample are consistent with those reported in other studies, which have shown a high prevalence of this symptom in Latin American nations, particularly Brazil, and even higher rates in the North and Northeast Regions of the county. [27] [28] [29] Wichmann et al. 9 used the ISAAC questionnaire in their study of the respiratory effects of exposure to petrochemical pollutants in 1,212 Argentinean children aged 6 to 12.
They found the prevalence of respiratory events to be higher in the area surrounding the plant than in urban areas, even when levels of exposure were similar. This suggests that not only the concentration of pollutants but also the source and makeup of particulate matter could be associated with respiratory effects. Solé et al. 6 suggested an association between higher pollutant levels and higher prevalence of asthma, rhinitis, and allergy, with no difference in socioeconomic status between cities. In our study, socioeconomic conditions were also very similar in all communities, which may account for the lack of association between socioeconomic status and prevalence of wheezing, as reported in other studies. 27, 30 The communities studied herein were homogeneous in terms of dietary habits, lifestyle, and socioeconomic status. All were characterized by low levels of educational achievement, low literacy rates, poor sanitation and living conditions, a dearth of public services and employment, and low family income often boosted by welfare programs.
This homogeneous profile makes it hard to distinguish any factors that may be associated with wheezing symptoms in the communities that surround the Guamaré Petrochemical
Complex.
One potential limitation of the present study was use of the ISAAC questionnaire in identifying wheezing symptoms in age brackets for which this instrument has not been validated.
However, the ISAAC questionnaire has been used before as a tool for assessment of the health effects of atmospheric pollution in ages and samples quite different from those for which it has been validated in the country. 5, 9, 15 The present study sought to detect symptoms indicative of vulnerability (particularly wheezing), not diagnose asthma. The EISL questionnaire provides a more detailed approach to respiratory diseases and symptoms, such as bronchitis and wheezing. It is therefore likely that the ISAAC questionnaire failed to detect some symptomatic participants in the under-3 age range. However, considering the results reported by Dela Bianca et al. 23 and the fact that some detection failures likely occurred in every community, this does not invalidate our results.
The findings of this study underscore the relevance of air quality monitoring and health assessment of the groups most susceptible to the effects of atmospheric pollution in the vicinity of industrial areas, both from a public health standpoint and in terms of risk management and corporate social and environmental responsibility.
We conclude that, even with low levels of atmospheric pollutants, respiratory symptoms in children and adolescents from communities in the vicinity of a petrochemical complex were associated with living downwind of the plant. Male preschoolers were the most vulnerable group.
